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3Symbiosis In City
How can vertical farming be integrated in a high rise mixed use 
development?
4Symbiosis is derived from Greek 
words ‘Together’ and ‘Living.’
It is a  close and long term 
interaction between different 
biological species.1
1.  Wikipedia, “Symbiosis,” last modified September 
20, 2016, https://en.wikipedia.org/wiki/Symbiosis
5Abstract
This research project takes into account 
existing state of  knowledge, to create a high 
rise mix use building with a vertical farming 
facility. As a result, the proposed building 
combines wide range of  uses, functions and 
procedures to create a functional artificial 
ecosystem. In the process, a harmonic 
symbiotic relationship is established between 
humans, plants and all other components 
involved. 
With population rapidly rising, arable 
land diminishing and cities sprawling ever 
bigger, the way we grow food is going to 
require a revolution. It is important that 
new approaches are tried and tested and any 
shortcomings are dealt with earlier on. In 
the case of  Auckland, as the city intensifies, 
with it dependency on infrastructure and 
carbon-intensive resources is on the rise. 
While there are wide range of  intensification 
plans in place of  the city, there is minimal 
to no discussion about the future of  food 
supply systems. On the contrary, farming is 
being pushed out as the city sprawls. 
 
Vertical farming is one of  the promising 
solutions – we should start experimenting 
with it.. Vertical farming has a wide range 
of  benefits that can provide a sustainable 
alternative to traditional farming. The design 
solution needs to become a model that not 
only provides food security but also raises 
awareness about an issue that requires 
broader attention.
Architecturally this project addresses 
implications of  putting a vertical farming 
in the heart of  the city. Urban design 
requirements, full exposure to allow 
maximum sunlight into the building and 
creating a public friendly entity that becomes 
pride of  the city. Equally important is 
to address how a vertical farming can 
be combined with a high rise mix use 
development. 
This requires close attention to functional, 
structural, environmental and formal 
requirements to ensure both parts of  
the building are equally resolved and are 
reinforcing each other. 
Figure 1. Bee collect nectar from flower and as a 
result pollinate different plants. 
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2 1.0    Introduction 
Figure 2. Fishing feeding on algae from sea turtle’s 
shell, cleaning the shell in the process. 
31.1      Background of the project
Humans developed farms over ten thousand 
years ago. Back then humans used to live 
and farm at the same place. Urbanization 
of  the world created cities and suburbs. 
While breakthroughs in technologies led to 
revolutions in all fields. 
Farming being dismissed as a low end 
occupation and land becoming valuable 
pushed farms further and further out of  the 
city. Food started to transported in from all 
parts of  the country and even world. People 
started taking food for guaranteed, while 
being unaware about its source. 
From living and growing food at the 
same place to being disconnected to food 
production is a drastic transformation. 
Today there are many issues that threaten 
traditional farming methods and society is 
oblivious to these threats. Intensification 
of  the city needs to take into account food 
production. Food security in the form of  
Vertical Farming is needed. 
This research project, Symbiosis in City, 
which brings food production in city, while 
taking into account society’s needs, wants 
and context, aims to raise awareness and 
present a possible architectural solution to 
this problem. 
41.2 Project Outline
This project is a high rise mix use 
development with vertical farming facility. 
Located in Aotea Square, Auckland City. 
1.3 State of Knowledge
Despommier D Dickson’s The Vertical 
Farm : feeding the world in the 21st Century, 
Vertical Farming Association provided range 
of  theoretical information. While wide range 
of  Auckland Council plans make the project 
specific to the city.
EVF prototype, Plantagon and Vertical 
harvest have different formal approaches to 
vertical farming, context. Design strategies 
are implemented in the design of  the 
building.  
1.4      Research Question
How can vertical farming be integrated in a 
high rise mixed use development?
5
61.5      Scope and Limitations
Project of  this scale would involve a team of  
specialists, engineers and consultants. The 
amount of  specialized information required 
is out of  scope for a single architecture firm. 
Inputs from all consultants will make this  
project feasible. Therefore this project makes 
the following reasonable assumptions.   
It is expensive to build vertical farm on 
a big scale. This is because the lack of  
commercialization of  the infrastructure and 
technologies involved in operating the farm. 
As a result huge investments are required 
with minimal to no profit initially. Therefore 
a financial team would undertake feasibility 
studies to predict economic forecast for the 
business 
However vertical farming is a relatively 
new concept. Primary concern for vertical 
farming operators at the moment is 
“increasing food security, education and 
community-building”1 and running at a 
profit is “a priority, if  only a secondary 
one.”2 Same state of  mind needs to be 
applied while designing and operating a 
vertical farm in Auckland. 
Another aspect which requires external 
contribution is engineering. While are there 
are many precedents where anaerobic 
digester and water treatment plants are used. 
These are patented technologies which are 
project specific. Mechanical, hydroponics 
and civil engineers along with other 
specialists will determine the program and 
specification of  these systems.
1  AeroFarms, “Urban Farming: Fad or Future 
proof?” Last modified March 9, 2016, http://Aer-
oFarms/2016/03/09/urban-farming-fad-or-future-
proof/
2  Ibid.  
Figure 3. Vertical farming facility
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1.6     Methods
The design process will follow the basic 
model outlined below. This will be modified 
and refined as the process proceeds to suit 
the demands of  the information required. 
Understanding the scope of  aim and 
objectives to target specific information that 
is required. Main design problem is creating 
a building that combines mix use and 
vertical farming. 
Investigation and surveying
Mix use program of  the project is defined. 
However to understand fully working 
vertical farming model, a thorough research 
into literature and architecture precedents 
will be done. 
Application of key findings
Selected data in the form of  literature and 
precedent research will be tested in massing 
models to find a solution that suits the urban 
design as well as farming requirements. 
While simultaneously paying close attention 
to all the other program needs as well.  
Trial and error
In order to refine architectural response 
in later iterations, design will be constantly 
checked against the brief, aims, objectives 
and site. Further developing each iteration to 
produce a range of  possible solutions.    
Design will be an ongoing research by 
design method. While using the method 
outlined, all research will be utilized to 
discover new solutions. Further issues 
that arise while going through the design 
process will be addressed by referring back 
to existing research. In order to maximize 
the utilization of  findings, precedents will 
be analyzed in different categories to extract 
relevant information.
Close attention is required while combining 
different species into symbiosis and natural 
cycles. Information to model the ecosystem 
while derived from specialized sources will 
be addressed architecturally. This is done in 
order to meet each components structural, 
formal, functional and environmental 
requirements.    
Finally, the project will utilize proposed 
plans and intentions for Auckland and 
make use of  various council documents. 
Design solution will be in line with what is 
being proposed as much as possible but will 
make exceptions in the favor of  design and 
program. 
8 2.0    State of Knowledge
Figure 4.  Yellow-billed oxpecker feeding on incests on the Zebra. 
Cleaning it in the process.
92.1  The Issues
10
2.1.1 Growing population
Farms have developed rapidly over the last 5 
thousand years. Today land equivalent to the 
size of  South America is used for growing 
food for earth’s 6.8 billion population. 
By the year 2050, another Brazil’s worth 
of  land will be needed for agriculture 
production to feed over 9 billion of  earth’s 
population. In addition to that 80% of  
world’s arable land is already in use. There 
is simply not enough land for traditional 
farming.3
3.  Despommier D Dickson, The Vertical Farm : 
feeding the world in the 21st Century, (New York: 
Thomas Dunne Books/ St. Martin’s Press, 2008), 82.
2.1.2 Deforestation 
Before the arrival of  humans in  
New Zealand around 1000 AD, 80% of  NZ 
was covered in forests. Many large tracts of  
forests were burnt after the arrival of  Maoris 
in 1250 - 1300. By the time European 
settlement began 6.7 million hectares of  
forests had been destroyed and replaced by 
grasslands, shrub land and fern lands. By 
2000, NZ only had 6.2 million hectares of  
native forest left.4
The significant reduction in forest areas over 
time is an indication that even more forest 
areas will be cleared out to make way for 
progress. For instance, areas in Auckland are 
being development, taking over farmlands, 
paddocks for new housing and town centers. 
4.   The Encyclopedia of New Zealand, 
“Deforestation of New Zealand” last modified 
September 24, 2007, http://www.teara.govt.nz/en/
interactive/11674/deforestation-of-new-zealand
Figure 5. Deforestation of NZ
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2.1.3 High Prices 
Produce consumption is already on the 
lighter side in New Zealand. While trusts like 
5+ A Day encourage five or more servings 
of  fresh fruits and vegetables everyday7 it 
is certainly becoming a challenge to achieve 
such targets due to short of  supply, lack of  
availability and affordability. These factors 
are often a result of  failures in tradition 
farming methods. 
As a result in 2015 fruit and vegetable 
prices jumped 8.3%8  which directly limits 
the amount of  produce reaching to average 
consumer. This leads the consumer to opt 
for unhealthy options. 
7.  5 + A Day, “About 5+ A Day” accessed July 21, 
2016, http://www.5aday.co.nz/5plus-a-day/about-
5plus-a-day.aspx
8.  NZ Herald, “Healthy eating takes a hit as fruits 
and veg prices rise,” last modified February 16, 
2015, http://www.nzherald.co.nz/lifestyle/news/
article.cfm?c_id=6&objected=11402531
2.1.4 Pesticides and Food Borne  
 Diseases 
The food contaminants include pesticides, 
which are used extensively in traditional 
farming. While these pesticides are meant 
to eliminate pests, only 0.01% of  the pests 
are targeted. Remaining 99.9% not only 
causes environmental degradation it, once 
consumed it also causes fatal food borne 
illnesses. 
Hundreds of  millions of  people around the 
world suffer from food borne diseases. 40% 
of  which are people under the age of  5. 
Unfortunately severely critical diseases often 
lead to death.9
9.  Association for Vertical Farming, “Vertical 
Farming Infographics,” accessed August 15, 2016, 
https://vertical-farming.net/vertical-farming/
vertical-farming-infographics/
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2.1.5 Globalization of Food and   
 Food Miles 
Food Miles are the distance that food travels 
from source of  production to where it is 
consumed. This widens the gap between 
source and user, resulting in the user being 
oblivious about the social, economical 
and environmental costs of  products they 
consume.10
Main growing regions in NZ are Gisborne, 
Hawkes Bay, Marlborough, Canterbury and 
Bay of  Plenty. While Northland/ Auckland, 
Waikao, Taranaki, Horowhenua, Otago, West 
Cost, East Cost of  North Island, Central 
North Island and Wairarapa also contribute 
towards agriculture production.11
10.  Dale Allen Pfeiffer, Oil, Food and the Crisis in 
Agriculture, (Canada: New Society Publishers, 2006), 
26.
11.  Horticulture New Zealand, “Processed 
Vegetables,” accessed August 15, 2016, http://www.
hortnz.co.nz/about-us/product-groups/processed-
vegetables/
Food Miles allowing for convenient export 
and import of  produce from other regions 
and counties. These products can be sold 
at competitive prices putting pressure on 
local farming industries, who often can not 
compete with cheap imports. 
This poses a real threat as local food 
production. Causing collapse of  local 
industries as local farmers are forced to 
run at a loss. Exporting produce increases 
dependency on transportation, which 
ultimately results in high usage of  fossil 
fuels, which are often non renewable.12
Farmers in Auckland claim that supermarket 
chains and their high mark up causes 
their business to run at a loss. Further 
information is included in appendix.
12.  Dale Allen Pfeiffer, Oil, Food and the Crisis in 
Agriculture, (Canada: New Society Publishers, 2006), 
25.
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2.1.6 Agriculture Run off
Agriculture run off  happens when chemical 
enriched water runs off  discharging from 
farms. Water  carries pesticides, pollutants, 
herbicides and nitrogen fertilizes and 
deposits into lakes, oceans and rivers. 
Aquatic environments are destroyed because 
of  this chemical discharge.5 As a result, 
aquatic areas have been turned hypoxic, 
including some in NZ as well. 
Not only does it effect agriculture 
production, it severely effects aquatic life as 
well. 
5. Despommier D Dickson, The Vertical Farm : 
feeding the world in the 21st Century, (New York: 
Thomas Dunne Books/ St. Martin’s Press, 2008), 
85. 
2.1.7 Climate Change 
Increases in temperature due to climate 
change, droughts, rainfall variations, intensity 
and frequency of  extreme weather events are 
cause failure in agricultural yield. Less yield 
against higher demand can potentially lead 
to 3 - 84% increase in global food prices by 
2050.6
6.  John R. prter, Liyong Xie, “Food Security and 
Food Production Systems,” Climate Change 2014: 
Impacts, Adaptation, and Vulnerability, no. 7 (2014): 
489
Figure 6. Drought Hit Areas
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2.2 Vision For Auckland 
16
2.2.1 Low Carbon Auckland 
Low Carbon Auckland document by 
Auckland Council sets aims for the city to 
become an energy resilient and low carbon 
city. Specifically, the document sets aims to 
reduce carbon emissions by 5% by 2020, 
40% by 2040 and 50% by 2050. 13
These targets while specific for Auckland 
do make a big impact nationally. Auckland 
achieving these targets will support national 
target of  90% electricity generation from 
renewable sources by 2025.14 Auckland’s 
rapidly growing population, development, 
urban form, economy and lifestyle based 
on high energy consumption, transport and 
electricity makes this a tremendous target to 
achieve.
13.  Auckland City Council. Low Carbon Auckland 
(Auckland, NZ: The Council, 2014), 14.
14.  Ibid. 
Five key areas identified in achieving this 
target are:
 
• The way we travel
• The way we use and generate energy
• Our built environment and green                   
   infrastructure
• Zero Waste
• Forestry, agriculture and natural carbon  
 assets15
All these elements are not only vital to 
achieve the targets, but also will play an 
integral part in making Auckland into a 
sustainable, resilient and environmental 
friendly city. Therefore all these elements will 
be taken into consideration and have been 
addressed in the program of  the building. 
15.  Ibid., 4.
Figure 7. Low Carbon Auckland Document
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2.2.2 Auckland Civil Defense and  
 Emergency Management
These documents highlight Auckland’s 
high dependency on infrastructure for 
basic necessities like food and water. Single 
pipeline supplies 95% of  city’s fuel and 80% 
of  water is sourced from one main source,16 
closure of  a single motorway causes long 
delays.  
Auckland is built on volcanoes and is prone 
to volcanic activity, storms, tsunamis and 
various other natural and man-made hazards. 
Yet only 7% of  the population is prepared 
for any kind of  emergencies.17 
These hazards have the potential to damage 
infrastructure which will cause delay for 
aid coming in the city. Therefore leaving 
Auckland without basic necessities until the 
recovery process is complete.
16.  Auckland City Council. Auckland Civil Defense 
and Emergency Management (Auckland, NZ: The 
Council, 2011), 30. 
17.  Auckland City Council. Auckland Civil Defense 
Emergency Management Group Plan 2010 - 2015 
(Auckland, NZ: The Council, 2010), 6.  
Auckland therefore needs to become 
more resilient. Part of  resilience is to be 
able to grow own food in case of  any 
emergencies. Emergency food is supplied 
only by Salvation Army, Red Cross and other 
volunteer organizations. In a large scale 
disaster there will not be enough food to go 
around.18 
 
18.  Auckland City Council. Auckland Civil Defense 
and Emergency Management (Auckland, NZ: The 
Council, 2011), 30. 
Figure 8. Civil Defense and Emergency 
Figure 9. Emergency Management Group Plan 
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2.2.3 Intensifications Plans
City Center Master plan
This documents sets a 20 year vision for 
development in various areas of  Auckland 
CBD.  It is estimated that 140 000 workers 
and 45 000 residents will live in city by 
2032.19 Therefore areas in and around city 
are due for major intensifications to allow 
for growing population. The document 
includes proposals to make all future 
developments in city in accordance with 
New Zealand Green Building Council.20 
While plans for intensifications are outlined 
in this City Center Masterplan as well as 
Auckland Unitary Plan. However, Source 
of  food production, however are still on the 
outskirts of  the city.  Food production need 
to be placed intensifying zones instead of  
being pushed out further more. 
19.  Auckland City Council. City Center Masterplan 
(Auckland, NZ: The Council, 2012), 13. 
20.  Ibid., 72. 
Figure 10. City Center Masterplan 
2019
2.2.4 Development Plans
Myers Park Development Plan
Myers park has a rich history and one of  
the three green parks in CBD. The plan for 
development aims to add a positive identity 
for the park.  The plan divides development 
into 3 parts. ‘Built form and surrounding’21 
specifically applies to this project  as it 
continues and transforms horizontal 
greenery of  the park into a high rise building 
that enhances vegetation vertically. 
Aotea Square Development
Several sites in Aotea Square are planned for 
development. Cost of  this long term plan is 
identified at $100 million.22  The selected site 
in Aotea Square is one of  the areas in City 
Center Master plan which is in line for future 
development. This project utilizes one of  the 
site that is planned for a new development. 
21.  Auckland City Council. Myers Park Development 
Plan (Auckland, NZ: The Council, 2012), 8. 
22.  NZ Herald, “Auckland’s civic building on the 
block,” last modified September 8, 2015, http://m.
nzherald.co.nz/business/news/article.cfm?c_id=3&-
objectid=11509319
Figure 11. Myers Park Development Plan 
Figure 12. Aotea Square Development Plan
20
2.3  Why Vertical
21
Aim is to produce more food using less 
resources, deliver fresh produce at lower cost 
and supplying directly to consumers while 
lowering environmental impacts. 
Since growing population is expected to live 
in cities and city is a dense urban place where 
land is extremely valuable both economically 
and geographically, operating  a traditional 
farm is not viable. 23
So what can we done?
Go vertical. 
Going vertical opens up a whole new 
world where new technologies, studies, 
experiments and industries collide to create 
infrastructure that grows food. Vertical 
farming is a technical approach to food 
security.24 It provides solutions to the 
implications facing traditional farming and 
it responds to the plans proposed by the 
council. 
23.  Youtube, “Plantagon : The Future of Urban 
Good,” last modified September 26, 2012, https://
www.youtube.com/watch?v=0ur-FRb6Gis
24.  Ibid.
Figure 13. Vertical farming system
22
2.3.1 Less Resources
Traditional farming uses 70% of  less 
than 1% of  potable water in the world. In 
comparison vertical farming uses 70 - 95% 
less water in hydroponic systems. 25
Food miles are eliminated as food is grown 
locally close to the consumer, which saves 
abundance in fossil fuel usage and is 
environment friendly. With added benefit of  
being resilient. As food is grown locally, local 
industries can also benefit. 
25.  Association for Vertical Farming, “Vertical 
Farming Infographics,” accessed August 15, 2016, 
https://vertical-farming.net/vertical-farming/
vertical-farming-infographics/
2.3.2 Higher Yield
Crops grown indoor in a controlled 
condition assure there are no weather related 
crop failures. Year around crop production 
is an added benefit. Resources like water, 
light, temperature and humidity can be user 
controlled for optimizing growth. 
Further, 1 acre of  vertical farm is equivalent 
to 10 - 20 acres of  soil based traditional 
farming. 90% of  crops are harvested as 
opposed to traditional farming where 50% 
of  crops are not harvested. 26
26.  Ibid. 
2.3.3 Health and Safety
There are no pesticides, herbicides or 
fertilizers used to produce food. Making 
produce safe for consumption. Food borne 
diseases and deaths can reduce if  not 
completely eliminated.
Similarly agriculture run off  and 
contamination of  produce during handling 
and transportation is also minimized.27  
27.  Despommier D Dickson, The Vertical Farm : 
feeding the world in the 21st Century, (New York: 
Thomas Dunne Books/ St. Martin’s Press, 2008), 
145. 
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2.3.4 Ecological Restoration
Multistory vertical farming facility not only 
reduces footprint for agriculture growth, it 
also frees up farmland previously used for 
traditional farming and allows it to return 
back to its original ecological state. Which 
means restoration of  hardwood forests.28 
More hardwood forests reduce carbon levels 
and increase biodiversity in nature. 
For New Zealand, more greenery is 
beneficial for our ‘Clean & Green’ image.
28. Ibid. 
2.3.5 More jobs
Vertical farm is labor intensive, requiring a 
wide range of  works to grow crops, monitor 
growth, economics, work in labs etc. Once 
ready for harvesting, more man hours are 
needed to collect, store, process and sell 
the produce. The entire process therefore 
creates a lot of  jobs.  
2.3.6 Controlled Environmental   
 Agriculture 
Controlled environmental agriculture or 
CEA combines chemistry, horticulture, 
engineering, plant physiology, plant 
pathology, computers and etomology.29  
Creating a form of  intensive hydroponically 
based agriculture. Temperature, humidity, 
carbon dioxide levels, light, nutrient 
concentration and PH can be controlled for 
optimizing plant growth indoors.30  
Making it possible to grow plants in 
completely artificial environments. These 
variables can be altered to optimize plant 
growth, therefore increasing productivity 
and economics of  the business. Main 
component of  CEA is hydroponics, which 
is a method of  growing plants using nutrient 
water solution. 
29.  Cornell University, “Controlled Environmental 
Agriculture,” accessed September 8, 2016, http://
www.cornellcea.com/about/index.html 
30.  Wikipedia, “Controlled Environmental 
Agriculture,” accessed September 8, 2016, https://
en.wikipedia.org/wiki/Controlled-environment_
agriculture
24
2.3.7 Physiological Benefits of   
 Plants
Presence of  indoor plants can be directly 
associated with reductions in the stress 
and negative mood states in an office 
environment. In an experiment conducted, 
presence of  plants reduced POMS31 scores 
at an average of  34.5%. 
Plants need to be nearly to “relieve attention 
fatigue” and giving a feeling of  calmness. 
This links back to our evolution, when 
human ancestors were dependent on plants 
for shelter and security. 32
31.   MHS., “POMS 2: Profile of Mood States 2nd 
Edition,” last modified February 15,  2013, http://
www.mhs.com/product.aspx?gr=cli&id=over-
view&prod=poms2
The Profile of Mood States or POMS as it is com-
monly known is an assessments that combines 65 
items that evaluates mood combining anger, confus-
ing, depression, fatigue, tension and vigor. Since its 
discovery in 1971, there have been many variations 
to this system and methods of calculating also var-
ies. Higher POMS score indicates higher stress levels 
and lower score indicate raising mood and reducing 
stress levels.
32.   Ibid.
While GHQ33 scores also showed reduction 
of  50% in stress levels with plants, overall 
the study concluded that just one plant per 
workspace can lift spirits, promote wellbeing 
and increase performance.34 Another two 
year experiment concluded that indoor 
plants play an integral part in creating 
supporting environment that contributes to 
patient’s fast recovery.35
33.  Camh Knowledge Exchange, “General Health 
Questionnaire (GHQ),” last modified April 6, 2009, 
http://knowledgex.camh.net/amhspecialists/Screen-
ing_Assessment/screening/screen_CD_youth/Pag-
es/GHQ.aspx
General Heath Questioner or the GHQ was de-
veloped in UK by David Goldberg in 1972 and is 
a self-evaluating psychiatric test. The questioner 
assess participant’s recent and/ or present feeling 
on the scale of “better than usual,” “same as usual,” 
“less than usual” and “much less than usual.” The 
last two responses indicate increase in stress levels. 
34.   University of Technology Sydney, “ The positive 
effects of office plants, “Nursery Papers Technical 
no. 6 (2010) :1.
35.   Ruth Kjaersti Raanaas, Grete Grindal Patil and 
Terry Hartig, “Effects of an Indoor Foliage Plant 
Intervention on Patient Well-being during a Residen-
tial Rehabilitation Program,” HortScience 45 no. 3 
(2010): 6.
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2.3.8 Improved Air Quality and   
 Economical Benefits 
In ongoing studies it is being discovered 
that presence of  indoor plants have the 
capacity to reduce air borne Volatile Organic 
Compound (VOC)36 A large number of  
sources confirm that plants also have the 
capacity to reduce indoor air pollution 
caused by excess CO2 emissions and 
improved air quality.37 Plants act as a buffer 
from dust particles, create acoustic barriers 
and provide natural cooling to the building 
reducing HVAC costs of  any building and 
even increases property value. 38
36.   Level. “Passive Design.” Accessed September 9, 
2015, http://www.level.org.nz/passive-design/con-
trolling-indoor-air-quality/controlling-airborne-con-
taminants/ 
VOCs can be found in building materials like paint, 
resins etc. Along with some cleaning products. 
These have a long term effect on human health that 
can lead to respiratory problems and has the poten-
tial to cause cancer in the long run
37.   lbid., 18
38.   Office of Energy Efficiency & Renewable Energy, 
“The Economic Benefits of Sustainable design,”(EN-
ERGY.GOV). 27
2.3.9 Implications of Indoor Plants
Having plants indoors can cause pollen 
related allergies. This problem can be 
solved with over the counter medication or 
consulting with professional and selecting 
plants carefully.39 
Toxic black mold thrives on moist soil, 
which is a necessity for plants. Usage of  
hydroponic systems eliminate soil altogether, 
reducing this problem. Plants with soil needs 
to be maintained regularly and placed in 
well lit areas. Same goes for pest infestation 
which can be controlled my occasional 
checks for fungus of  insects.40 
For a vertical farm, strict controls are in 
place to avoid any contamination. With 
added technologies and precautions wide 
range of  issues are eliminated. Exposure to 
house hold plants needs to be limited. 
39.  eHow, “Disadvantages and Drawbacks Indoor 
Plants,” accessed September 8, 2016, http://www.
ehow.com/list_6607420_disadvantages-draw-
backs-indoor-plants.html 
40.  Ibid.
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2.3.10  Agriculture and    
 Architecture
Sunlight is an essential source of  energy for 
any food source. Weather it is plants taking 
sunlight and transforming it into food, 
animals eating said food or these animals 
becoming a source of  food for other 
animals. All is dependent on solar energy.41 It 
is also a crucial in architecture design. Solar 
light can be used to enhance design forms 
and features, or can become a passive source 
of  heat and light source. 
Similarly, soil and land plays an important 
role both in architecture and agriculture. 
When, where, what and how crops are 
grown are dependent on fertility of  soil 
and geographical and climatic context.42 
Architecture is similar, in that the design 
of  the building is utterly depends on 
orientation  of  site and context.
41.  Dale Allen Pfeiffer, Oil, Food and the Crisis in 
Agriculture, (Canada: New Society Publishers, 2006), 
17
42.  Ibid., 21.
The main difference between the two is 
that architecture is built to create protection 
from weather, to withstand and climatic 
conditions. On the contrary traditional 
agriculture is exposed to climate in every 
way. 
While context is important in architectural 
design, it is not a concern in CEA farming. 
As discussed previously, it is possible to 
grow plants indoors in completely artificially. 
This blurs the line where architecture and 
agriculture differs.43 Combining both into 
one creates a harmonic relationship that can 
enhance architecture and agriculture. 
43.  James Dawe, “Farm Buildings and Architecture,” 
(Master’s Thesis, Unitec, 2009). 6.
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2.4  Precedents 
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2.4.1 Precedents Categories
Vertical Farming – The approach 
to vertical farming as a concept. 
Productivity and market values.  
Urban Design and site – Analyzing 
the approach to Urban Design issues 
and how that informed the design. 
How different aspects of urban living 
influenced design decisions.
Form – How form is informed by 
requirements for a vertical farming 
building. How form is enhancing the 
architectural expression.
Facade treatment and spatial 
arrangement – How facade responds to 
the needs of vertical farming function
Sustainability and ecosystem – 
Sustainable elements incorporated in 
the building.
29
2.4.2 EVF : Experimental Vertical  
           Farm
 
 Claudio Palavecino Llanos
 
 2009 – Chile 44
44.  The RIBA, “EVF: Experimental Vertical Farm,” 
Last Modified July 27, 2009, http://www.presidents-
medals.com/Entry-24321#
Figure 14. EVF Farm Prototype
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Vertical Farming
EVF is designed to house all biological 
processes from plantation to dispatch for 
consumption. Designed specifically for 
Chile, the designer takes into account the 
current Chilean agricultural condition.45 
Urban Design and site 
The idea of  ‘urban action’ is implied in the 
design and site selection. Wasted urban like 
‘clovers ‘alongside motorways are utilized by 
placing the EVF prototype. Changing them 
into useful and valuable areas while adding 
greenery to otherwise barren junctions. 
This enhances urban design of  the city as a 
whole.46 
45.  Ibid. 
46.  Ibid. 
Form
Circular form is ideal in vertical farm 
building as sunlight is allowed into the 
building throughout the day from all 
directions inside crop surfaces. The 
cylindrical form for vertical farming building 
is used quite extensively as well, like in lake 
vertical farm design by Blake Kurasek.47
Façade treatment and spatial 
arrangement
Spatial arrangement incorporates all 
agricultural production processes from 
planting, maintenance to production, with 
circulation and services core in the middle 
leaving face of  the building available for full 
sun exposure during the day. Floor plates 
have ramps going to the levels above making 
the entire building a spiral ramp.48 
47.  Boing Boing, “Farms as Skyscrapers,” Last 
Modified October 12, 2009,  http://boingboing.
net/2009/10/12/farms-as-skyscrapers.html
48.  The RIBA, “EVF: Experimental Vertical Farm,” 
Last Modified July 27, 2009, http://www.presidents-
medals.com/Entry-24321# 
Figure 15. Program of the farm
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The double bio-climatic skin has different 
shades of  green surface designs to increase 
photosynthesis performance.  The double 
skin façade is user controlled which allows 
users to open or close windows allow to 
allow for better oxygen to carbon dioxide 
exchange or keeping carbon dioxide 
inside for better photosynthesis. Façade 
also doubles up as structural skin creating 
structural perimeter. This allows for 
structure free open plan farming surface 
inside.49 
49.  Ibid. 
Sustainability and ecosystem
An artificial ecosystem has been managed 
within the building. The ecosystem 
incorporates food producing building while 
keeping energy and resource consumption 
to a minimum. Therefore solar panels are 
used for energy collection.50
Overview
Though it is designed to suit Chilean 
conditions, EVF has key elements which 
can be implemented in any vertical farming 
building. Contrary to the selected site, EVF 
has no intimidate buildings around makes it 
easier to get sunlight in through out the day. 
50.  Ibid. 
Figure 16. Cross Sectional Model
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2.4.3 Vertical Greenhouse for   
 Urban Agriculture
 
 Plantagon
 
 2015 - Linköping, Sweden51 
51.  Germsek, “The First Vertical Greenhouse in 
Europe!!!,” Last Modified December 22, 2014, 
http://www.germsek.com/vertikalni-rastlinjak/
Figure 17. Slanted facade concept
Figure 18. Rendered Image
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Vertical Farming
First and as of  now the only building 
constructed specifically for vertical farming. 
The greenhouse is 60 meters high and 
has produces produce using hydroponic 
methods.52
Urban Design and site 
The building is located near a motorway 
connecting nearby Toplanro and bio gas 
power plan. Site itself  is in a relatively 
isolated location and is not a CBD or even 
an urban location. However since bio fuel 
generator is at close proximity organic waste 
from the greenhouse will be re-used in the 
biogas plant.53 
52.  Ibid. 
53.  Ibid. 
Form
Plantagon as a company has developed a 
form prototype for vertical farming building. 
The slanted form is ideal for capturing max 
amount of  sunlight as the surface area of  
the façade is increased. Shape is functional 
but crude. 
Façade treatment and spatial 
arrangement
The front slanted part of  the building is 
designated for farming, while the back part 
of  the building has been designed as a 16 
story office building. The office part of  
the building will house Plantagon’s head 
office as well. A restaurant, conference, 
visitors center, industrial process are all also 
accommodated in areas with minimum sun 
light. 
35
Figure 19. Rendered Image 2
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Façade is designed as a sunlight capturing 
device with external glass skin. Façade is also 
utilized to incorporate structure which frees 
in the internal layout for open plan farming 
arrangement. 
Sustainability and ecosystem
The project is described as “a model for 
the whole world to demonstrate that you 
can actually grow food efficiently and safely 
in a large city.”54 By combining various 
technologies and methods a symbiotic 
system is produced within the building. 
Organic waste will be transformed into bio 
gas making it zero waste buidling.55 
54.  Horti Daily, “Sweden: Plantagon to build 
unique vertical greenhouse for urban agriculture,” 
last modified December 22, 2014.  http://
www.,hortidaily.com/article/13878/Sweden-
Plantagon-to-build-unique-vertical-greenhouse-for-
urban-agriculture
55.  Plantagon, “Multifunctional,” accessed July 20, 
2016, http://media.plantagon.com/old/urban-agri-
culture/vertical-greenhouse/integrated
Overview 
It is encouraging to see world’s first 
specifically designed urban farming building. 
The design however is very industrialized 
which does suit the function. The fact that 
it is not in an urban environment plays well 
in its favor as architectural and urban design 
aspect is not properly addressed. The form 
is something that works well for a capturing 
long hours of  sun light and will be utilize 
this form in massing studies. 
Figure 20.  Cross Section
Figure 19. Rendered Image 2
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2.4.4 EDITT Tower: Ecological   
 Design in The Tropics
 
 TR Hamzah & Yeang
 
 1998– Singapore56
56.  Inhabitat, “Singapore’s Ecological EDITT Tower,” 
last modified October 15, 2008, http://inhabitat.
com/editt-tower-by-trhamzah-and-yeang/
Figure 21.  Design Model  
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Vertical Farming
Not designed specifically as a vertical 
farming building, EDITT incorporates 
organic local vegetation in almost half  
of  the building’s floor area. The project 
integrates green space to human use area in 
the ratio of  1:2.57
Urban Design and site 
The building is located in busy intersection 
in urban Singapore.  Building encourages 
public interaction by providing accessible 
ramps connecting to upper floors. 
Vegetation is designed to be continuous 
alongside the ramp as well as there are high 
level bridges connecting to surrounding 
building for better urban connectivity. The 
street is lined with retain, restaurants and 
plants making a green belt. 58
57.  Ibid.
58.  World Architecture News, “Singapore’s skyline 
is getting greener” last modified October 25, 
2008, http://www.worldarchitecturenews.com/
project/2008/10548/tr-hamzah-yeang-sdn-bhd/
editt-tower-in-singapore.html
Form
Building form is relatively jagged which 
does set it apart from the context. Greenery 
around the building adds more organic 
component to the design. In section, the 
26 story59 building allows for double to 
triple height spaces for plans to allow for 
maximum sunlight. 
59.  Treehugger, “The EDITT Tower by Dr. Ken 
Yeang,” last modified April 17, 2015, http://www.
treehugger.com/sustainable-product-design/the-
editt-tower-by-dr-ken-yeang.html
Figure 22.  Plantation Strategy
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Façade treatment and spatial 
arrangement
Building has been designed to be future 
proof  as many floors and walls can be 
moved or removed quite conveniently.60 
Due to be constructed soon, the building 
will incorporated recycled and recyclable 
materials in and around the building. 
Plans also include a bio gas generator, 
greenery on face allows for passive natural 
ventilation Composite timber-floor cassettes 
will replace the commonly used concrete 
floors to achieve gains in energy-efficient 
construction.61
60.  Inhabitat, “Singapore’s Ecological EDITT Tower,” 
last modified October 15, 2008, http://inhabitat.
com/editt-tower-by-trhamzah-and-yeang/
61.  Treehugger, “The EDITT Tower by Dr. Ken 
Yeang,” last modified April 17, 2015, http://www.
treehugger.com/sustainable-product-design/the-
editt-tower-by-dr-ken-yeang.html
Sustainability and ecosystem
Because of  city’s excessive rainwater, the 
design incorporates water management and 
collects rainwater for plant irrigation and 
grey water uses. 855 m2 of  photovoltaic 
panels provide for 39.7% of  building’s 
energy needs. Engineers have conducted 
energy and greenhouse gas efficiency 
studies of  the building and architects have 
taken into account these studies and made 
decisions accordingly. 62
Overview
There are very unique elements in the 
design like the ramp connecting street life 
to upper levels of  the building, which is a 
good way to invite people into the building. 
Maximum usage of  rainwater, photovoltaic 
panels and bio gas generation technologies 
add value to the project even though these 
are not visible to general public. Attention 
to detail in selection of  materials as well as 
studies conducted makes the building more 
valuable.  
62.  Inhabitat, “Singapore’s Ecological EDITT Tower,” 
last modified October 15, 2008, http://inhabitat.
com/editt-tower-by-trhamzah-and-yeang/
Figure 23.  Rendered Images
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2.4.5 Vertical Harvest
 Penny McBride 
 and Nona Yehia
 1998– Jackson, Wyoming,   
 America63
63.  Vertical Harvest, “Our Story,” accessed May 15, 
2016,  http://verticalharvestjackson.com/our-story/
Figure 24. Before and after addition of farming facility 
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Vertical Farming
Designed and operating as a hydroponics 
vertical greenhouse it is amongst the world’s 
first of  its kind.64 Built on a site measuring 
405m2 it produces 45 360 kilograms of  
produce annually. Their main produces 
includes wide selection of  microgreens, 
herbs, mixes, leafy greens and tomatoes.65 
64. Ibid. 
65.  Vertical Harvest, “Our Produce,” accessed 
May 15, 2016, http://verticalharvestjackson.com/
our-produce/
Urban Design and site 
Jackson, at an altitude of  over 1800 meters 
and growing season lasting on a couple 
of  months is an unlikely place for urban 
farming. A feasibility study conducted by 
Wyoming Business Council concluded it is 
possible to operate a vertical farm in Jackson 
Hole. Unlike other precedents, vertical farm 
is added on to existing parking lot.66 This 
puts two distinctive uses together, making 
the architecture more interesting as well.
Form
Existing car park building have horizontal 
lines that dominate the form. The new 
farming structure has a slanted façade which 
maximizes sunlight gain. The height of  the 
new addition matches the existing parking, 
make the design, and the form feel more 
coherent. Instead of  vertical, the building is 
horizontally spread.67 
66.  Planet Experts, “Vertical Farm Will Produce 5 
Acres’ Worth of Vegetables on a 3-Story Parking 
Lot,” last modified March 2, 2016, http://www.plan-
etexperts.com/vertical-farm-will-produce-5-acres-
worth-vegetables-3-story-parking-lot/
67.  Ibid.
43 Figure 25. Breakdown of Elements  
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Façade treatment and spatial 
arrangement
Facade is mainly glass which is an ideal 
choice to let maximum amount of  sunlight 
into the building. A growing carousel 
designed to rotate vertically on the face 
of  the building giving plants equal time in 
natural light.68  Three farm is spread across 
3 floors and includes exposed mechanical 
system room, classroom, training areas, 
visitor viewing platforms and various 
vertical farming infrastructure.69
68. Ibid. 
69.  Designboom, “vertical harvest urban farm by 
e/ye design under construction,” last modified 
February 28, 2015, http://www.designboom.com/
architecture/eye-design-vertical-harvest-in-jack-
son-2-28-2015/
Sustainability and ecosystem
Economical sustainability is taken into 
account as vertical harvest produce is not 
expected to compete with area growers. The 
produce grown will compete with produce 
being imported from other states, therefore 
reduction in food miles. Local businesses 
will not be charged for transportation 
related mark ups. Like many other newly 
developed vertical farming facilities, the 
main intention is to be a educate community 
about vertical farming.  
Overview
Because it is an addition to existing building 
it shows the lack of  large scale treatment for 
this typology of  buildings. Having said that 
the building has had a big impact despite 
being of  a small scale. It is described as a 
public amenity,70  which explains integration 
of  visitor functions across the building. 
70.  Vertical Harvest, “The Greenhouse,” accessed 
May 15, 2016, http://verticalharvestjackson.com/
the-greenhouse/
Figure 26. Growing Carusel
45 3.0    Site
Figure 27. Birds feeding by eating incest on the deer’s back. 
Cleaning the deer in the process. 
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Figure 28. Site in context
Figure 27. Birds feeding by eating incest on the deer’s back. 
Cleaning the deer in the process. 
47
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3.1 Aotea Square
Due to the immense popularity of  Aotea 
Square any new developments will trigger 
public interest and make a big impact 
socially. This provides a great opportunity 
for a this project that showcases new 
typology of  building while educating 
community.
Introduction of  a green infrastructure in the 
form of  vertical farming in the heart of  the 
city allows bigger implementation of  plans  
by the council.
Being the city center, there is abundance 
of  carbon dioxide that crops will utilize 
for food production and in return provide 
back fresh produce and oxygen. Effectively 
supporting Low Carbon Auckland intension 
and improve air quality.  
Being a building that can grow its own 
food introduces a resilience factor in 
the Auckland CBD. Farming facility 
can continue to grow food in case of  
infrastructure failure or in a case of  an 
emergency. 
Fresh produce will be available closer to 
consumer and will promote healthy eating 
habits as posed relying on unhealthy 
alternatives.
As discussed previously, cost of  building 
a vertical farming is quite high. This site is 
owned by Auckland and the project would 
rely on council to subsidize land costs in 
favor of  developing it and raising awareness 
for a greater gain. 
Development of  green building on the site 
will be a form of  reclaiming site which is 
currently being used as a car park
Presence of  Vertical Farming building in 
this prime location will boost New Zealand’s 
green image.  With added advantage of  
living amongst various green elements that 
are a luxury in a CBD. 
Figure 29. Aotea Square, selected site highlighted in 
yellow
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Figure 30. Auckland Sunday School Union Building 1925
Figure 31. Auckland Civic  Adminstration Building
Figure 32. Q theatre
Figure 33. Auckland Town Hall
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Figure 34. Aotea Center
Figure 35. Sky World
Figure 36. Auckland Civic Theatre
Figure 37. Queen Street Elevation 
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3.2 Prominent Buildings
Auckland Sunday School Union
Located on 323 Queen Street, this building 
is listed under Historic Place Category 2. 71
Auckland Civic Administration Building
With 22 levels, Auckland’s tallest building 
when built in 1966.72 It is a vital piece 
of  history, as it has been a seat of  local 
government ever since it was opened.
Q Theatre
Q theatre has a long history dating back to 
1996 when the old theatre was closed to 
make way for America’s Cup Yacht Race. 
This new building was opened in 2011.73 
71.   Heritage New Zealand, “Auckland Sunday 
School Union Building,” accessed September 
18, 2016, http://www.heritage.org.nz/the-list/
details/2613
72.  NZ Herald, “Auckland’s Civic building on the 
block,” last modified September 8, 2016, 
http://www.nzherald.co.nz/business/news/article.
cfm?c_id=3&objectid=11509319 
73. Q Theatre, “History,” accessed September 18, 
2016, http://www.qtheatre.co.nz/history
Auckland Town Hall
Opened in 1911, the town hall is listed 
under Historic Place Category 1. 74
Aotea Center 
New Zealand’s largest tiered auditorium. 
The center hosts a range of  activities and 
displays artworks by New Zealand artists.75 
Sky World 
This entertainment center includes a wide 
range of  activities including movies, retail 
and food court. A popular hub in CBD.
Auckland Civic Theatre
Opened in 1929, the theatre is listed under 
Historic Place Category 1. It has a rich 
history dating back to 1920s.76
74. Wikipedia, “Auckland Town Hall,” last modified 
May 31, 2016, https://en.wikipedia.org/wiki/
Auckland_Town_Hall
75.  Auckland Live, “Visitor Information,” accessed 
September 18, 2016, https://www.aucklandlive.
co.nz/venue/aotea-centre
76.  Wikipedia, “Auckland Town Hall,” last modified 
May 31, 2016, https://en.wikipedia.org/wiki/
Auckland_Civic_Theatre
There is an abundance of  prominent 
buildings in CBD. The listed building are 
located within Aotea Square. One of  the 
most famous buildings in Auckland, the Sky 
Tower is also located at close proximity. 
One of  the main attractions in the square 
is the Maori artwork called Waharoa, which 
creates a cermonial entrance way into the 
space and brings Maori culture in the heart 
of  the city.77
77.  Auckland Design Manual. Making Connections 
- A Virbant Central Civic Space, (Auckland, NZ: The 
Council, 2014), 5. 
Figure 38.  Waharoa in Aotea Square
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3.3 Past and Present 
Aotea Square is 1.3 Ha civic square in the 
heart of  the city. The name itself  is derived 
from Motu Aotea, Maori name for Great 
Barrier Island.78  Addition of  Auckland 
Town Hall in 1911 and civic car park in 
197479 transformed Aotea square into a 
popular public amenity. 
Even today Aotea Square is civic hub. Its 
prime location from universities, water 
front, Britomart and Queen Street makes 
the site popular day and night. Multicultural 
activities are held in the plaza every year.
78.  Auckland Design Manual. Making Connections 
- A Virbant Central Civic Space, (Auckland, NZ: The 
Council, 2014), 5.
79.  Heritage Et AL, “Auckland’s Town Hall,” accessed 
September 18, 2016, http://heritage1559.rssing.
com/chan-37927390/all_p2.html
Figure 39.  Cultural activities in Aotea Square 
Figure 40.  Car park construction
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3.4 Future
Chosen ‘Site D’ is described as South Town 
Hall site. It has been a car park since 1970s. 
The intention is to improve link between 
Aotea Square and Myers Park. Therefore 
introduction of  Myers Park development 
plans allows continuation of  the park under 
the Mayoral drive bridge and onto the site.80
The proposal proposed 5 - 8 story building. 
However this being a prime location, any 
new building should be a high rise as the 
new rail link will increase public in flow in 
Aotea Square. 81
80.  Ibid.
81.  Ibid.
In more recent developments, a new mix 
use development is proposed on the corner 
of  Mayoral Drive and Greys Avenue. While 
restoring the civic administration building. 
The new development will incorporate 
hotels, apartments, commercial and retail 
and the ground floor will be “heavily food 
based” to compensate for lack of  “food and 
beverage in this area.”82
Vertical farming facility will also increase 
focus on food based growth. Furthermore 
increase in apartments across the site can 
access produce grown in the building. 
82.  Architecture Now, “Transformation at Aotea 
Square,” last modified September 21, 2016, 
http://architecturenow.co.nz/articles/transforma-
tion-at-aotea-square/#img=0
Figure 41. Future developments at Aotea Square
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3.5 Site vs Location 
While there is no denying that it is a perfect 
site for making a big impact. It is however 
not an ideal location for a vertical farming 
facility.
Due to the nature of  growing plants, a site 
with maximum sunlight hours is ideal. The 
analyzed architecture precedents like EVF 
tower having ideal location with minimal 
obstructions surrounding that could shade 
the building. 
This site however is surrounded by buildings 
which cast shadows on the site at certain 
times during the day, which is not ideal. 
However, if  need be artificial lighting and 
environmental conditions can be used to 
grow plants.  Though is not the intention, 
on the contrary design will be focused in 
maximizing sunlight gain into the building.
Figure 42. Development at the corner of Mayoral Drive and Greys Avenue 
Figure 43. New high rise development across the site
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3.6 The Bigger Picture
Victoria Park, and Albert Park is part of  the 
Green Link initiative in City Center Master 
plan. Linking it with Wynyard Quarter 
and making a blue green space in order 
to increase green infrastructure and open 
public spaces in CBD.  
This plan provides an opportunity to include 
a green belt between Myers Park connecting 
Victoria and Albert Parks. Selected site and 
Aotea Square will become part of  this green 
network and make it more inviting. Function 
and aesthetic of  the building will be in line 
with green infrastructure for continuity. 
. 
Figure 44. Bigger picture map
564.0    Program and Design Intention
Figure 45. Ants feeding on solution produced by 
aphids. Ants in return protect them from birds. 
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4.1  Breakdown of the Program
Five key areas that are being targeted to 
reduce carbon emission in Auckland as 
outlined in Low Carbon Auckland are 
addressed.  
The way we use and generate energy can 
be linked with zero waste. Where organic 
waste is processed to create bio fuel. Water 
treatment plants are also provided to reuse 
and recycle water. 
Green infrastructure will be increased by the 
addition of  vertical farming as well as green 
facades. Being the city center car parking is 
not provided, instead walking, cycling and 
public transportation is encouraged.  Lastly 
forestry, agriculture and natural carbon 
assets are addressed in the function of  
the building. Further elaboration of  these 
elements is included in appendices. 
Currently there are indigenous tress 
including Pohutukawa, Puriri, Kauri present 
in Aotea Square.83 This project will make use 
of  New Zealand native plants in and around 
the building.
Program of  the project will be dependent 
on four aspects. These aspects are Formal, 
Environmental, Structural and Functional.
83. Auckland Design Manual. Making Connections 
- A Vibrant Central Civic Space, (Auckland, NZ: The 
Council, 2014), 8. 
58
4.2 Formal
Formal massing of  the project will address 
urban design requirements and maximize 
sunlight gain into the building.  Response 
to the urban context is necessary to ensure 
that  the design fits in existing urban fabric 
of  Aotea Square and CBD as a whole. 
Maximizing sunlight is essential for farming 
areas. 
The project has a strong agenda to 
educate and demonstrate importance of  
vertical farming. The final outcome will be 
prototype which can be replicated across 
the country. Therefore building needs to be 
visually appealing, so that it is accepted and 
liked by the community. 
Aesthetically building will be heavily focused 
on green elements. This will be done by 
incorporating vegetation in formal design 
features and a coherent massing strategy. 
This will effectively result in the building 
standing out from the existing inner city 
buildings. 
4.3 Environmental
As mentioned before use of  hydroponics 
methods will reduce water usage. Grey 
water, black water and rainwater will all be 
treated in on site water treatment for re use. 
Technologies like anaerobic digester will 
treat organic waste and limit waste going to 
council mains. Building will be orientated 
for maximum sunlight gain to reduce 
dependency on artificial lighting during the 
day. 
Hybrid system will be used throughout 
the building. This will be achieved by 
using double facades in offices, retail and 
apartments and relying on passive systems. 
Usage of  plants in façade systems will 
further make the internal space healthy and 
safe for inhabitants. Mechanical HVAC 
plants will only be used when necessary.  
4.4 Structural
Structural system needs to respond to the 
functional requirements. Being a high rise 
building a structural grid is needed which 
responds to all uses. Vertical farming 
infrastructure and water being used in 
hydroponics adds additional weight which 
needs to be accounted for in structural 
design. 
Along with that, framing areas are to be kept 
column free to allow for open planning and 
maneuvering of  trolleys and infrastructure. 
At the same time structure also needs to be 
practical for apartment and office layout. 
Structure therefore is crucial to ensure both 
uses are equally satisfied.
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Figure 46. Program Ecosystem 
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4.5 Function
Functional aim of  the project is to design 
and combine vertical farming facility with 
mix use building. As a result creating a  
closed loop system that combines various 
systems. 
Integration of  these systems creates 
harmonic relationship between all the 
elements and creates an artificial ecosystem 
in the building.84 When systems work 
together in synergy they produce a result 
that cannot be attained if  they work 
independently. In an ecosystem such as this 
the systems move forward in more organic 
way, with minimal to zero waste. 
84.  Philips, April. Designing Urban Agriculture : A 
Complete Guide to the Planning, Design, Construc-
tion, Maintenance and Management of Edible Land-
scapes (1). New York, US: Wiley, 2013. Accessed 
April 22, 2016. ProQuest ebrary. P138
4.6 Symbiosis
This ecosystem is illustrated in figure 40,
Symbiotic relationships are developed within 
different species. For example, aquaponics 
is a system where both fish and plants 
benefit from each other. Humans and 
plants exchange carbon dioxide and oxygen. 
Plants and fishes are the food sources for 
humans.  Organic waste from the species is 
processed to generate bio fuel and fertilizer 
for landscaping in Myers Park.  
While this ecosystem is not physically seen 
in the architecture, it comes a program 
of  the building that connects everything. 
In this elaborate system different species 
are interlinked to each other. Various 
connection can be established while reading 
this diagram. 
Figure 47. Ecosystem Legend
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4.7 Dietary Requirements
Produce grown in the farming facility be 
required to meet recommended dietary 
requirements. According to New Zealand 
Institute of  Plants and Food Research, our 
dietary requirements can be divided into 
seven categories, i.e. brain, healthy sight, 
sustained energy/ source of  fiber, immunity, 
healthy insides, vital hydration, health bones 
and joints and healthy skin. Produce grown 
in the farm will cater to recommended 
dietary intake for each of  these categories.85 
The produce will require constant monitory 
and quantities certain fruit or vegetable will 
be increased or decreased accordingly. 
85.  Vegetables.co.nz, “Vegetable Benefits for Your 
Body,” last modified 2016, accessed on June 26, 
2016, http://www.vegetables.co.nz/health/vegeta-
ble-benefits/
4.8 Growing Requirements 
Growing requirements and needs for 
the produce also needs to be considered. 
Mostly pants require 6 – 8 hours of  
sunlight during the day. Harvest time, 
humidity levels, temperature, ph of  the 
water, storage requirements are equally 
important as well. Further information is 
attached in appendices covering the dietary 
requirements and grown conditions required 
for the produce. 
Figure 48. Vertical Farming Infrastructure
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4.9 Brief
Design Aim
Designing a high rise mix use building that 
incorporates vertical farming. 
Objectives
• Provide a high rise building solution 
in Auckland CBD that integrates mix use 
functions with vertical farming facility. 
Effectively providing food security and 
increase resilience in the city.
• Raise awareness and educate community 
about vertical farming, new technological 
ways of  growing crops. This will in the long 
run result in increased productivity in society 
and encourage others to follow the lead. 
• Incorporating Auckland Council’s Low 
Carbon Auckland, Civil Defense, City Center 
Masterplan, Aotea Park Development Plan 
and Myers Park Development Plans into a 
coherent design solution. 
• Creating a building prototype and 
functional system that integrates various 
systems, methods and technology. As a 
result creating an artificial ecosystem and 
symbiotic relationships where  all involved 
are co-dependent on each other. 
• This project is one possible solution to 
urban intensification while enabling people 
to grow own food and greening city and 
New Zealand a whole. 
Program schedule 
Mix use part of  the project will include the 
following:
• Apartments
• Retail
• Offices
• Information Center
 
While Vertical farming facility itself  requires
• Maximum farming area
• Offices for management
• Control center
• Nursery for germinating seeds 
• Quality control facility 
• Storage areas
645.0    Design Process
Figure 49. Peony bud produces extra nectar to 
attracts ants, which projects it from bigger 
herbivores.
65
          5.1 Initial Development
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5.1.1 Corner of Queen Street and 
Mayoral Drive 
Because of  the central location of  the site. 
Design of  the building needs to address 
urban design requirements. Part of  which 
is to determine what is going to replace the 
existing building on the corner of  Queen 
Street and Mayoral Drive. This needed 
resolution earlier on to carry further design 
process. 
Illustrated below are some of  the 
alternatives that were looked at while 
determining possible outcome for this 
problem 
Figure 50. Different Variations for Ground Floor Arrangement 
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5.1.2 Typology of the Building
To maximize the potential of  the site, 
different typologies of  buildings are 
considered. These models are analyzed 
against the given brief  and site to choose the 
ideal form. 
Figure 51. Vertical Farming Infrastructure
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5.1.3 Standard Urban Block
Medium sized urban block in Aotea Square 
is not a ideal solution as the rentable and 
farming floor areas are minimized.
As the site is surrounded by high rise 
buildings it will get shaded during the day. 
Surrounding buildings are only likely to 
go higher, as per the developments planed 
in City Center Masterplan document. 
Therefore a standard, medium sized urban 
block will be out of  scale in near future.
5.1.4 Tower
Since the corners of  Mayrol Drive and
Greys Avenue need to be activated by retail,
building by default takes an ‘L’ shape. 
Extending the shape forms a tower. A high 
rise wall facing Myers park is not an ideal 
solution. 
The L shape shadows the other half  of  the
building itself. Which would mean the 
building will be operating on artificial 
lighting most of  the day. 
5.1.5 Podium and Tower 
Combining tower and podium is a more apt 
solution as both of  these elements can cater 
to different requirements. 
The tower is orientated towards true 
north for maximizing sun light hours for 
farming. Podium responds to the curvature 
of  the site and extends up the heights of  
the buildngs on Queen Street. This hybrid 
approach is taken further in massing studies.
Figure 52. Urban Block Figure 53. Tower Figure 54. Podium and Tower 
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5.1.6 Podium Option 1
Possible outcomes include a new building 
independent of  the scope of  this project 
being constructed at this corner.  The new 
building will include stairs at the back which 
would address the drop in level from Queen 
Street to the site. 
Figure 55. Podium option 1 Axonometric View Figure 56. Podium option 1 Ariel View 
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5.1.7 Podium Option 2
Alternatively the podium part of  the design 
can run along the Mayrol Drive and Queen 
Street. Therefore the building becomes 
a transition from Queen Street to Greys 
Avenue and drop in level is seamlessly 
treated in the building. 
In this selected model, podium creates 
closure for the open space in the middle. It 
also completes the urban block by filling in 
the missing curvature form.  
Figure 57. Podium option 2 axonometric View Figure 58. Podium option 2 Ariel View 
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          5.2  Massing Studies
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5.2.1 Massing Study View Points 
For the massing studies, 4 key viewpoints 
are established and each iteration is critically 
analyzed keeping in mind these four 
locations.
1. Aotea Square
2. Queen Street 
3. Myers Park
4. Greys Avenue
Figure 59. Viewpoints Guide 
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5.2.2 Iteration 1
The tower in this massing study derives its 
form from Vertical Greenhouse for Urban 
Agriculture by Plantagon. As noted in 
precedents this slanted form is specifically 
designed for capturing maximum sunlight. 
In this iteration of  massing podium and 
tower are treated as different components. 
Tower is orientated towards true north, 
therefor maximizing sunlight gain into the 
building. Podium is defined, curving around 
Mayoral Drive.
Even though the intention was to treat both 
component as different entities, responding 
to different requirements. The final outcome 
however makes the tower look like an after 
thought. Shape of  the tower, however 
practical is quite rigid. Therefore this 
iteration is not taken forward
View from Aotea Square, Greys Avenue and 
Myers park are very harsh, which can be 
softened by facade treatment.   
Figure 60. Iteration 1 - Axonometric View 
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Figure 61. Iteration 1 - View From Greys Avenue Figure 62. Iteration 1 - View From Queen Street
Figure 63. Iteration 1 - View From Aotea Square Figure 64. Iteration 1 - View From Myers Park
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 5.2.3 Iteration 2 
The tower in this massing typology derives
Its form from EVF tower. As discussed in 
precedents analysis, circular form allows 
sunlight into the building all day. 
Currently there are no cylindrical buildings 
in Auckland CBD, which in itself  will make 
the tower stand out. Placement of  the tower 
can be re arranged until a suitable solution 
is achieved. This iteration tower is placed 
on the corner of  Mayoral Drive and Greys 
Avenue. 
Placing tower on top of  podium can cause 
circulation conflicts as private circulation 
is required for staff  and residents living in 
the tower. This is hard to achieve in podium 
which is primarily a public place. 
In the view from Greys Avenue, tower takes 
precedence making the podium look out of  
proportion. 
Figure 65. Iteration 2 - Axonometric View 
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Figure 66. Iteration 2 - View From Greys Avenue Figure 67. Iteration 4 - View From Queen Street
Figure 68. Iteration 2 - View From Aotea Square Figure 69. Iteration 2 - View From Myers Park
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5.2.4 Iteration 3
In this iteration, tower is placed closer to 
the council building. Though it gets a lot 
of  exposure from Aotea Square, it will get 
shaded by the council building most the 
time during the day. In addition to that, 
the tower’s presence from Queen Street is 
minimal.
Lifting the tower up from the ground level 
will increase landscaping area as shown in 
the view from Greys Avenue. However it 
will also reduce retail street frontage. Views 
from Myers Park makes this iteration look 
similar to iteration 2. 
Tower is also placed too close to Q theatre 
as seen in the view from Aotea Square.  
Figure 70. Iteration 3 - Axonometric View 
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Figure 71. Iteration 3- View From Greys Avenue Figure 72. Iteration 3 - View From Queen Street
Figure 73. Iteration 3 - View From Aotea Square Figure 74. Iteration 3 - View From Myers Park
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Figure 75. Slab Typology Iteration 1 Figure 76. Slab Typology Iteration 2
Figure 77. Slab Typology Iteration 3 Figure 78. Slab Typology Iteration 4
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5.2.5 Tower or Slab
In order to maximize sunlight surface 
area of  the northern facade needs to be 
maximized. Alternate to the tower, a slab 
form can also be utilized to capture more 
sunlight. Therefore instead of  going vertical, 
floor area is spread horizontally. 
Figures 75 to 78 illustrate different variations 
of  slab typology with a podium base. All the 
iterations are designed to maximize sunlight 
intake during the day. Iteration 2 utilities 
the slanted facade  for further maximizing 
surface area. Iteration 1 has a curved face 
which follows sun path during the day.
Even though the Auckland Sunday School 
Union is heritage building, there is a slim 
chance that building can be turned into high 
rise while still keeping its historical facade. 
In case of  this happening, iteration shown in 
Iteration 4 will be severely effected. 
However these iterations do not suit 
the site from design point of  view. The 
configuration of  horizontal podium and 
horizontal slab  creates a long high rise 
slab wall facing Myers park. High rise 
developments proposed close to the site 
means that building will get shaded during 
the day, relying on artificial lighting during 
the day as well. 
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5.2.6 Selected Model
In all the previous iterations, the tower was 
intended to ‘sit’ on the podium which would 
combine to two as one. 
However in this selected model the tower 
is independent to the podium. Both 
are connected by configuration. One 
is incomplete without the other. This 
composition does take away some of  the 
open area in the middle, however minimal 
footprint of  the tower would allow the 
ground to be more open and free. 
The part of  the podium behind the tower is 
shaded most of  the day, certain time of  the 
day. Floor planing of  the levels in podium 
will take into account this lack of  sun light 
and design accordingly. 
Figure 79. Chosen Model - Axonometric View 
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Figure 80. Chosen Model -  View From Greys Ave-
nue
Figure 81. Chosen Model - View From Queen Street
Figure 82. Chosen Model - View From Aotea Square Figure 83. Chosen Model - View From Myers Park
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5.3 Detail design
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5.3.1 Form Development 
Form of  the building was optimized to 
allow for more sunlight into the building. 
This was done by:
• Using eclipse instead of  circular shape to  
 increase northern surface area. 
• Slanted form on the northern facade   
 to allow longer hours of  daylight into the  
 building. 
• Slight twist in the form that would follow 
 sun path during the day. 
In addition to that, a service cores was 
added on the external south eastern and 
north western sides of  the building. 
External cores also double up as egress 
stairs in case of  fire emergency. The core on 
north western side is intended to go up to 
the office levels. 
Figure 84.  Sharp angle view of the form
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Figure 85.  Developed massing model 1 Figure 86.  Developed massing model 2
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This model allows for farming area to go 
down to the ground floor, which creates 
more visibility for farming infrastructure 
and procedures for people walking around 
the building. 
Access into the building is allowed from all 
sites which also creates street frontage on 
these roads. Podium and tower is connected 
by bridges going up to level 4 where visitor 
center is located. 
In addition to that putting circulation cores 
externally leaves floor plate free to maximize 
rentable space and farming area. This design 
consists of  25 stories and combined floor 
area that surpass 4 - 8 story building which 
is proposed for the site. This is maximizing 
site’s potential and intensifying while 
creating a source of  food in the middle of  
the city. 
Levels up to level 9 will be shaded most of  
the time during the day, which was always 
accounted for. These areas can operation 
artificial lighting whenever needed. 
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5.3.2 Structure of 1 Merchant   
 Square, London
Due to its slender cylindrical shape, this 
building is also known as the cucumber. The 
white fins that run on the face of  the facade 
are the perimeter columns. Floor joists are 
connected between the columns and internal 
concrete core.86
Minimal information is available for the 
structure as the project is not well known. 
Not only does the structure columns are 
curved, they also make up a big design 
feature on the facade. The columns get 
slender as they go higher, making the 
building appear lighter. 
86.  Robin Partington & Partners, “1 Merchant 
Square, accessed September 10, 2016, London W 
http://rpplondon.com/projects/1-merchant-square-
paddington
Figure 87.  Structure analysis of Merchant Square
Figure 88.  Floor plan 1
Figure 89. The Cucumber
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5.3.3 Structural system of   
 Shanghai Tower 
As the facade twists and the floor plates 
reduce in size, the structure demanded a 
very innovative approach. 
The lateral and vertical resistance of  tower 
comes from the inner cylindrical tower 
primary resistance is provided by core, 
outriggers and super column system. Core 
itself  shrinks in size to suit the reducing 
floor plate sizes. In addition to that, belt 
trusses are in place at eight locations 
throughout the tower. 87
87.  Xia, Jun. Dennis Poon, Douglas C. Mass, “Case 
Study: Shanghai Tower,” CTBUH Journal, no. 2 
(2010): 14.
Figure 90.  Structure analysis of Shanghai Tower 
Figure 91.  Floor plans
Figure 92. Twisting form of Shanghai Tower 
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5.3.4 Structure 
In both the structure precedents, the basic 
strategy remains the same, to have perimeter 
structural columns and inner reinforced 
concrete core. Merchant Square has 42 
stories while this building has 25. Shanghai 
tower is 632 meters high, compared to 100 
meters. This reduces the structural demand 
quite drastically. 
Contrary to Merchant Square, the structural 
columns in the building will be located 
inside rather than on facade. These columns 
will have minimal visibility from outside. 
This is to make the building appear lighter 
and open. 
Structure follows the same basic principal as 
in the precedents. Eight perimeter columns 
are located at the perimeter of  the building. 
Beams are connected from these columns to 
the external core. The structure works well 
as it leaves the farming area open plan and 
free of  structural intrusions. Similarly offices 
and apartments layouts are planned carefully 
to suit the structural layout. 
Perimeter columns
Floor joists
Concrete structural core
Structural core and
internal columns
Concrete floor slab
Figure 93.  Structural model
90
5.3.5 Design Features
The two main design features that are 
developed during this process are radial 
inclination towards the center of  the tower.
Along with the curvature of  the form and 
the Mayoral Drive. 
The combination of  these two features are 
used in the structure of  the tower and the 
podium.  It also drives the floor planing 
of  apartments, retail and offices as well 
as entrances into the building from Myers 
Parks and Greys Avenue.
Figure 94.  Design Feature 
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5.3.6 Floor Layout 
First draft of  the floor layout does not take 
into account the required structural core in 
the middle of  the floor plate. Without which 
the structure will not work. Absence of  the 
core does increase the floor area but it is not 
practical. 
Functional requirements of  farming area 
requires a separate lift which is used for 
servicing and staff  circulation. This lift can 
only be accessed by the staff  working in the 
farming facility. 
Introduction of  structural core allowed 
the center of  the building to be utilized for 
circulation and services being located closer 
to farming area. Services core will be shared 
by both parts of  the building. Another lift is 
added in the farming area which will be used 
by the staff  working there. Floor planing 
of  the apartments is done in line with the 
structure to ensure the 
   
UP
UP
Figure 95.  Floor plan draft Figure 96.  Floor plan development 
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Figure 97. Mushroom Fungi grows on hosts plants 
and provides plants with protection from parasitic 
bacteria and toxins. 
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6.1 Outline 
Outcomes of  the research and designed can 
be categorized into different components. 
Each components has its own strategy that 
responds to the challenge .
Initially, the design intention was to create 
an open green public space in the middle 
of  the site. However, that got compromised 
in the massing studies. The outcome with a 
building in the middle is in itself  is an idea 
solution which increases floor areas
Figure 98.  Original Intention
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6.2 Floor Planing Strategy
In this final floor planning strategy, the core 
is widened allowing for more circulation 
and servicing space. As a result external 
circulation core on north western side is 
taken out. Leaving the building with one 
external core and one internal core. 
Farming area is left open plan to allow for 
farming infrastructure to be moved around 
the space to optimize plant growth. With no 
structural obstructions in the space, farming 
area can also be maximized increasing
Layout itself  is designed to keep the face of  
the building free for habitable spaces and 
farming areas. While utilities and servicing 
areas are located close to services shaft and 
circulation areas. 
Office space and appartments
Utilities and servicing areas for
offices and appartments
Packing and collating areas in Farming
Farming area
Circulation and  services core
UP
Figure 99.  Final floor plan strategy 
Figure 100.  Final floor plan 
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Perimeter columns
Circulation  and services cores
Bridge leading to  information
center and retail in tower
Passage area around
the arc of the podium
6.3 Podium Design
Main intention in the floor planing of  the 
podium is to keep the passage around the 
arc free. This is to allow people walking in 
the podium to walk alongside the tower 
and eventually being led into retail and 
information center in the tower. These 
bridges are the only physical connection 
between tower and podium. While walking 
around the arc around glazed screen a 
constant visual connection is maintained 
with the tower. 
Structurally, columns on the facade and 
slanted columns around the arc connect 
Rentable retail and office spaces in the 
podium will be divided by non load . The 
internal layout of  these spaces will be 
dependent on the tenancies while the facade 
of  the entire building is designed. 
Figure 101.  Final podium design 
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6.4 Facades Overview 
Creating distinctive facades for each of  the 
building’s functions allows to demonstrate 
the variety that can be achieved while using 
vegetation. Also different uses i.e. retail, 
offices, apartments, vertical farming can be 
identified externally as well. 
Visual connection with vegetation is 
maintained by using glazing systems. This 
creates a very open, serene environment 
indoors while utilizing plants for 
physiological, environmental and economical 
benefits as listed in existing knowledge.  
Integration of  vegetation in all the different 
facade types requires constant maintenance  
which creates more job opportunities. 
Figure 102.  Produce grown in artifical lighting
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6.5 Retail Facade 
Retail facade uses planter boxed with 
climber plants which grow on the plant 
climber screens. Store front system with 
open able panels is placed behind the plants 
creating a double facade. Plants will filter 
sunlight and improve air quality coming in 
to the building.
This arrangement creates a very distinctive 
environment for shoppers. Raised floor 
system is used for to hide services. 
Figure 103.  Retail facade detail 
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6.6 Passageway Facade 
This facade system uses hanging plants in 
built in planter boxes, followed by store 
front glazing system behind. Passageways 
are usually wasted spaces with minimal 
architectural intent. However this system 
creates a very serene walkways around the 
arc of  the podium. 
Figure 104.  Passageway facade detail 
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6.7 Apartment and Office   
 Facades
Three rows of  planter boxes provides the 
occupant with the option to grow a variety 
of  plants. This can be dependent on their 
preference and needs. These planter boxes 
are fixed between perimeter columns 
and span across the face of  the facade. 
Apartments ceiling height is set to be a 
minimum of  2.4 meters. 
Office facade would be similar with the 
expectation of  having raised floor system 
and ceiling height of  3 meters minimum. 
Figure 105.  Apartment facade detail 
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6.8 Vertical Farming Facade
Facade of  farming areas are relatively 
different to all the other facades. Main 
difference being that in all the other facades, 
planter boxes are placed outside with glazing 
behind. Farming façade have glazing in front 
with vegetation behind. Reason for that is to 
prevent any contaminants coming into the 
farming area.
Light shelf  is also provided to allow sunlight 
further in to the building, minimizing 
reliance on artificial lighting during the day. 
Services in the ceiling are left exposed for 
ease of  maintenance and raise floor systems 
are also used
Figure 106.  Vertical farm facade detail 
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6.9 Vertical Distribution 
Project was conceived from program. 
Program of  the building transformed into 
an elaborate ecosystem combining various 
components. The design had to address all 
these components architecturally. A facility 
that can grow, process, sell the produce, 
transform organic waste into renewable fuel 
while provide office and apartments requires 
careful planning. 
The verticality of  the building allows all 
the functions to stack up on each other 
while the circulation and service cores stay 
the same connecting these uses. Northern 
facade of  the building is farming area which 
carries various hydroponic methods to grow 
produce. 
Produce is grown and packed where it is 
grown and is sold in the retail spaces around 
the building. Unsold produce is stored in 
the basement available to be sold later or 
alternatively can be used in restaurants. 
Offices and apartments in towers are 
privates spaces which are kept away from 
the public areas near the ground floors. 
Anaerobic digester and water treatment 
infrastructure is based in the basement 
levels, as floors above ground are more 
suited for farming or rentable spaces. 
Podium, primarily consists of  retail and 
offices. Podium is a public place which 
leads the viewer into information center in 
the tower. The information center displays 
vertical farming facts and informs viewer 
about the importance of  food security. 
Figure 108.  Axonometric vertical section
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Figure 109.  Hydroponic system
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Figure 109.  Hydroponic system
7.0 Conclusion  
7.0    Conclusion
Figure 110.  Fish pedicures in which fish feeds of dead 
skin cleaning host’s feet in the process. 
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The research and design in this project 
show how density can be achieved without 
ignoring food security. Instead, the two 
objectives – denser urban living and 
food production where people live – are 
combined to create a hybrid, putting humans 
and vegetation closer to each other
The purpose of  the project was also to 
create a prototype which can be replicated 
on different sites across Auckland and New 
Zealand. However, throughout the process 
the design became very project and site 
specific. Therefore the final design in itself  
cannot be a prototype. But the strategies 
in structure, form, facades, floor planning 
and vertical distribution are the prototypes 
which could be applied when designing a 
similar building. Therefore each iteration 
of  the tower needs to be site specific, while 
following the strategy carefully developed 
throughout this process.
Similarly, while the ecosystem can be 
replicated by providing same function and 
uses, it also needs to be specific to the site. 
This is similar to the Plantagon vertical 
farming facility which makes the use of  
nearby plant to generate biofuel. Varieties 
and quantities of  fruits, vegetables and 
fishes is dependent on the local preference 
and market conditions. This also requires 
constant monitoring by the finance team, to 
review and predict financial forecasts.
By replicating the typology (both in 
design and program) design’s validity can 
be tested in different sites, climates and 
social environments. As a result, with each 
new tower this model can be perfected. 
Specifically for this project site selection 
makes a big impact and attracts a lot of  
publicity for vertical farming. The high rise 
building solution integrates mix use and 
vertical farming which is not been planned 
for Auckland at this stage. 
The design also responds to wide range 
of  plans from the council. This is done by 
aiming to reduce carbon emissions through 
the presence of  vegetation. Making city 
more resilient by adding a food production 
source in the heart of  the city, developing 
Aotea Square and also taking into account 
Myers Park by providing landscaping with 
fertilizers that are result of  the ecosystem 
being carried out in the building.  Design 
solution of  this building is 25 storys. 
Which proves that intensification can be 
achieved without compromising on green 
infrastructure.
New Zealand has a thriving greenhouse 
industry and is not facing issues that will 
demand a high number of  vertical farming 
facilities around the country. Having said 
that, this project provides answer to ‘what 
if ’ and ‘when’ vertical farming is required 
in New Zealand. It is important to be 
future proof  and resilient because there 
are warnings from climate science that the 
future might be rough. 
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Vertical farming, while still in the early 
stages of  development around the world, 
requires a push to be properly considered.  
Observed trends in the reality indicate that 
many issues that will eventually demand an 
alternative to traditional farming. Everybody 
needs food to survive - if  food production 
itself  cannot survive, then how can we? 
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Figure 111.  CEA Farming
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Figure 111.  CEA Farming
Figure 112. Remoras stick to the shark, hitchhiking a 
ride and protection from predators.
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Queen Street
Figure 83. Chosen Model - View From 
Myers Park
Figure 84.  Sharp angle view of  the form 
Figure 85.  Developed massing model 1
Figure 86.  Developed massing model 2
Figure 87.  Structure analysis of  Merchant 
Square
Figure 88.  Floor plan 1
Figure 89.  The Cucumber 
Retrieved from:  http://www.skyscrap-
ernews.com/images/pics/64691Mer-
chantSquare_pic1.jpg
Figure 91.  Floor plans 
Retrieved from: https://3.bp.blogspot.
com/-GJktMzsMA_c/VGF0Js2QtVI/
AAAAAAAABWM/OaAviNqVHy4/
s1600/Shanghai-Tower-plan2.jpg
Figure 90.  Structure analysis of  Shanghai 
Tower  
Figure 92. Twisting form of  Shanghai Tower 
Retrieved from: http://www.aurecongroup.
com/~/media/Images/Aurecon/
Web-structure/Projects/Property/Shanghai-
Tower/Aurecon-Shanghai-Tower-day.jpg 
Figure 93.  Structural model 
Figure 94.  Design Feature  
Figure 95.  Floor plan draft  
Figure 96.  Floor plan development  
Figure 97. Mushroom Fungi grows on hosts 
plants and provides plants with protection 
from parasitic bacteria and toxins. 
Retrieved from: http://
businessinspiredbynature.com/wp-content/
uploads/2010/08/1313844_64035378.
jpg http://businessinspiredbynature.
com/wp-content/
uploads/2010/08/1313844_64035378.jpg 
Figure 98.  Original Intention
Figure 99.  Final floor plan strategy  
Figure 100.  Final floor plan 
Figure 101.  Final podium design
Figure 102.  Produce grown in artificial 
lighting
Figure 103.  Retail facade detail
Figure 104.  Passageway facade detail  
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Figure 105.  Apartment facade detail  
Figure 106.  Vertical farm facade detail  
Figure 108.  Axonometric vertical section 
Figure 109. Hydroponic system 
Retrieved from: https://www.citycrop.
io/wp-content/uploads/2016/04/dwc-
hydroponics-e1459512409966.jpg
Figure 110.  Fish pedicures in which fish 
feeds of  dead skin cleaning host’s feet in the 
process. 
Retrieved from: http://s.hswstatic.com/gif/
fish-pedicure-1.jpg
Figure 111.  CEA Farming 
Retrieved from: https://burritojustice.files.
wordpress.com/2014/11/toshiba-indoor-
farm.jpg
Figure 112. Remoras stick to the shark, 
hitchhiking a ride and protection from 
predators. 
Retrieved from: https://upload.wikimedia.
org/wikipedia/commons/2/21/
Lemonshark_(2).jpg 
Figure 113.  Yellow-billed oxpecker feeding 
on incests on the giraffe. Cleaning it in the 
process. 
Retrieved from: https://www.safaribookings.
com/moremi/photos?photo_id=10 
Figure 114.  Newton Site 
Figure 115. Alternate structure model using 
diagrid system
Figure 116. Typical diagrid detail
Retrieved from: https://s-media-cache-
ak0.pinimg.com/736x/b1/d6/8c/
b1d68c2255cadaf97d29502578f0fd9d.jpg
Figure 117. Tower development
Figure 118. Site Section 1
Figure 119. Site Section 2 
Figure 120. Produce in shopping trolley 
Retrieved from: http://coastalkitchen.
net/wp-content/uploads/2013/04/
shutterstock_43104919.jpg
 
Figure 121.  Drip System 
Retrieved from: http://hydroponicsgrower.
org/wp-content/uploads/2014/01/1-Hy-
droponic-Drip-System.jpg
Figure 122.  NFT system 
Retrieved from: http://hydroponicsgrower.
org/wp-content/uploads/2014/01/3-Nutri-
ent-Film-Technique-System.jpg
Figure 123.  Aeroponics system 
Retrieved from: http://hydroponicsgrower.
org/wp-content/uploads/2014/01/4-Aero-
ponics-System.jpg 
Figure 124. Aquaponic system 
Retrieved from: http://hydroponicsgrower.
org/wp-content/uploads/2014/01/Aqua-
ponics.jpg
1229.0    Appendix
Figure 113.  Yellow-billed oxpecker feeding on incests on the giraffe. 
Cleaning it in the process.
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Findings of  the research were added in 
a table format for to see which produce 
categories.
9.1 Alternate Site
One of  the earlier sites that were considered 
was Newton. Corner of  Upper Queen Street 
and West Street. Similar to Aotea Square, 
this site is also outlined for development in 
the next 30 years. Draft Newton Plan was 
released in 2014 outlining the future of  the 
area.112 
The location of  the site is perfect for 
vertical farming as the site has no high rise 
surrounding buildings. Northern facade will 
get sunlight throughout the day and no new 
development can go in the front of  the site 
as it is motorway. 
Ultimately this site was not chosen. Reason 
being that since it is not in prime area it will 
not get as much exposure as Aotea Square. 
Being in the perfect exposure for sunlight 
also means that the proposed building can 
not go too high as it would shadow all 
the buildings behind it. Located closer to 
motorways reduces pedestrian access to the 
site as well. 
112. Waitemata Local Board. Draft Newton Plan 
(Auckland, NZ: The Council, 2014), 1.  
Figure 114.  Newton Site 
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9.2  Alternate Structure 
Diagrid system is created by triangular 
structures with horizontal supporting 
rings on the exterior of  the building. As 
a result structure on the facade becomes 
very aesthetically dominate and expressive. 
Usage of  this system allows for column free 
interiors and abundance of  sunlight coming 
into the building. Which is ideal for vertical 
farming.113
30 St Mary Axe, London and CCTV 
headquarters in Beijing are some of  the 
prominent building that utilize this system.114 
113.  Slideshare, “Diagrid Systems,” last 
modified September 29, 2016, http://www.
slideshare.net/jagmohangarg90/diagrid-sys-
tems-future-of-tall-buildings-technical-paper-by-jag-
mohan-garg-at-nit-kurukshetra
114.  Wikipedia, “Diagrid,” last modified January 19, 
2016, https://en.wikipedia.org/wiki/Diagrid
This was not chosen for the structure of  the 
tower as the facade becomes aesthetically 
heavy as seen in figure. Presence of  
structure on the facade dominates the 
building, distracting viewer from the 
function and program which needs to be 
the real focus. Chosen structure gives same 
results as diagrid system without being too 
dominating on the facade. 
Figure 115. Alternate structure model 
using diagrid system 
Figure 116. Typical diagrid detail
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9.3 Alternate Tower Forms
Figure 117. Tower development Figure 119. Site Section 2 
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9.4 Site Sections
Figure 118. Site Section 1 
Figure 119. Site Section 2 
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9`.5 Response to Low Carbon   
 Auckland 
9.5.1 The way we use and generate   
 energy and Zero Waste
Using waste to generate energy. 
There is an abundance of  organic and 
biodegradable material that ends up in 
landfill. That includes forestry crops, 
residue, industrial waste, animal residue, 
sewage waste and agricultural crops and 
residue. This unwanted materials typically 
lands in landfill however conversion of  
into bioenergy reduces environmental and 
financial cost of  disposing of  it. Currently 
only 10% of  New Zealand’s energy comes 
from bioenergy and the aim is to increase 
that to 25% by 2040. Which aligns well with 
Low Carbon Auckland plans. 88
This system from waste to energy will be 
clearly visible to the community so that they 
are able to get understanding for the total 
88.  Bio Gas, “Using biogas technologies to reduce 
methane emissions from waste,” accessed April 11, 
2016, http://www.biogas.org.nz/biogas-home
life cycle of  the product as well as alternate 
ways of  creating energy. 
 
Anaerobic means “living without air” 89 
therefore anaerobic digestion is a series of  
process in which microorganisms break 
down biodegradable materials in absence 
of  oxygen.  Originally designed for the 
treatment for sewage sludge, blackwater and 
animal waste. However sewerage is an ideal 
candidate for anaerobic digestion. Therefore 
other biodegradable substrates like waste 
from agriculture, crop residue, food and 
market waste are now treated with anaerobic 
digestion.  90
Main advantages of  anaerobic digestion 
includes “soils reduction, odor removal, less 
energy use, utilizing biodegradable waste to 
provide clean biogas fuel from renewable 
sources.” 91 
89.  Wikipedia, “Anaerobic digestion,” last modified 
September 18, 2016, https://en.wikipedia.org/wiki/
Anaerobic_digestion
90.  Biogas Production : Pretreatment Methods in 
Anaerobic Digestion (1) pg3
91.  Biogas Production : Pretreatment Methods in 
Anaerobic Digestion (1) pg1
Water Management
• Blackwater: sewerage etc. use in 
anaerobic digestion to generate energy
• Storm water: Green infrastructure as well 
as using the slope of  the tower to collect 
water for re use
• Grey water: water treated for use in non-
potable uses 
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9.5.2 Our Built Environment and Green  
 Infrastructure
 
Increasing green infrastructure for effective 
storm water management. 
Growth in urban area also results in 
increased impermeable area causing more 
flooding and urban heat island effects 
affecting our daily lives. This also has an 
effect on hydrological cycle which requires 
storm water to seep into the land and the 
process to take place again.  Concrete, 
asphalt or hard surfaces stop that from this 
natural process to take place in the ecology 
increasing the likelihood of  man made 
floods. 92
 
 
92.  Eleni Katrini, “Addressing food, water, 
waste and energy yields in urban regenerative 
environments,” (Master’s Thesis, Carnegie Mellon 
University, 2012). 16.
One way of  dealing with this problem is 
to mimic the natural hydrological cycle by 
adding systems like:
• Permeable sidewalks and porous asphalt
• Green roofs
• Infiltration planters
• Vegetated swales (bioswales)
• Rain gardens
• Vegetated strips
• Infiltration trenches
• Sand filters
• Detention and retention basins
• Sediment basins
• Infiltration basins
• Constructed wetlands 93
93.  Ibid., 62.
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9.5.3 The Way we Travel 
• The building is situated in Aotea 
Square in city. Which in itself  is a benefit 
as everything is within easy access. 
Universities, working centers, entertainment 
and shopping districts all are at walking 
distances. Therefore walking and cycling are 
alternative that needs to be utilized to take 
full advantage of  this site. Water transport, 
Britomart, bus services are within a stone’s 
throw. For longer commutes taxis, rental 
cars and car pooling can be used.
• The parking for the car will be expensive 
that along with ever rising fuel, insurance 
and repair prices car does not seem like 
the ideal solution. Giving each apartment 
its own car park will increase dependency 
on cars and infrastructure. Not to mention 
increasing traffic in the city which will 
increase carbon emissions (Auckland’s max 
co2 emissions come from transportation) 
Aim here is to reduce carbon emissions and 
not increase them. 
• Since urban farming facilities, 
anaerobic digestion, algae biofuel, building 
management, offices, retail, offices and 
information center will create a lot of  jobs. 
Workers will be housed in the apartments in 
the same building. Basically eliminating their 
work commute.  
• Aotea Square is due to get its very own 
railway station in the city link plan from 
Auckland Transport.  Which will link Aotea 
square with the entire city eventually. 
• A lot of  car parking buildings around the 
site and city if  really want a car. 
• Finally, from economical point of  view 
lack of  car parking for apartments and 
offices is certainly hurts the real estate value 
especially if  you are car reliant. However 
given the site and the reasoning above car 
parking and car transportation is not the 
ideal approach for this project. 
• Now we have to go beyond the standard 
economical approach and consider other 
advantages of  not having car parking. 
• For a vertical farm to be viable it needs 
to be located where you don’t create new 
transport or create food miles. It is not 
sustainable to transport the food, reducing 
consumer to source line. Which drastically 
diminishes the CO2 emissions.  
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9.5.4 Forestry, Agriculture and Natural  
 Carbon Assets
Population increase in Auckland will also 
result increase in food demand. More 
food should therefore be grown locally. In 
suburban environments in backyard gardens 
however in communal spaces such as urban 
farms in cities. Ability to grow increases self-
efficiency, reduce co2 emissions, resilience, 
etc. which is the main focus of  this project. 
Reduction in food miles, economic growth 
and cities become self-sufficient through 
food production and efficient use of  natural 
resources. Other benefits of  vertical farming 
and advantages of  vegetation etc. 
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9.6 Mark ups and Agriculture
According to surveys conducted by Green 
Party, supermarkets across the country are 
pricing fresh produce up to 500% higher 
than the cost of  production. The survey 
suggested that 87% of  growers are “often” 
or “sometimes” got paid less than the cost 
of  production, while some growers saying 
that the mark ups were as high as 400 – 
500%. Only 15% of  growers said that their 
business ran at a profit.94  
While growers are expected to cover 
post-harvest costs like packing, freight and 
storage, their payments do not cover that. 
Adding to that, middlemen between growers 
and supermarkets add 10 – 15% margin, 
forcing the grower to sell at a lower price. 
Throughout the process the middleman 
often takes out the produce that does not 
meet their specifications and the grower is 
not compensated for it. More often than 
not growers sell their produce for “60 cents 
and is sold at $1.99 or $2.99.” Leon Stallard, 
94. Stuff, “Supermarkets’ food pricing attacked,” last 
modified July 7, 2010, http://www.stuff.co.nz/na-
tional/3882634/Supermarkets-food-pricing-attacked
the president of  Hawke’s Bay Fruit growers 
Association said that they were paid the 
same price for apples as they did “12 years 
ago – 50 cents a kilo” these apples are later 
sold in a supermarket for $4 a kilo.95   One 
grower claimed to get less than $2 for a tray 
of  20 avocados which cost $8 to produce. 
Supermarkets then sell the tray for $19.80 
with a margin of  880%.96 
Supermarkets representation suggests that 
they do not rip off  customers. Spokesperson 
from Food and Grocery Council say that 
the accusations of  mark up of  up to 
500% is not true. That comparing prices 
growers received with the price paid by the 
consumers is not fair as a lot of  costs incur 
throughout the supply chain.  Foodstuffs 
managing director Steve Anderson claimed 
that survey contained “blatant and deliberate 
misinformation.” Progressive spokesperson 
told that the figures provided were “grossly 
inaccurate,” claiming that the company 
“have regular reviews.” Progressive 
95.  Ibid.
96.  NZ Herald, “Fruit and vege markups call for 
supermarket conduct code,” last modified August 
14, 2011, http://www.nzherald.co.nz/nz/news/arti-
cle.cfm?c_id=1&objectid=10745093
Figure 120. Produce in shopping trolley
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Enterprises and Foodstuffs control 95% of  
the grocery retail sector in NZ and there 
have been talks to “break the duopoly” by 
calling for straighter rules. Therefore a Code 
of  Conduct for supermarkets similar to the 
one which has been operating in Britain 
since February 2010 is considered for New 
Zealand as well. Horticulture New Zealand 
backs the investigation into pricing practices 
following the claims from both parties.  97
There is no way to claim which side has 
more credibility in their claims. A thorough 
investigation and transparency throughout 
the supply chain is very essential to pin 
point when and where costs are added 
onto the produce. The addition to the costs 
that usually occur due to damaged crops, 
transportation, processing are precisely the 
reasons why vertical farming is more ideal. 
Vertical farm takes out the middlemen as the 
produce is grown, processed and sold at the 
same venue. Transportation costs are none, 
which 
97.  Stuff, “Debate continues over supermarket 
pricing,” last modified July 5, 2015,  http://www.
stuff.co.nz/business/industries/3884479/Debate-
continues-over-supermarket-pricing
 Ultimately the increase in profit margin not 
only effects the consumer at the end but also 
many growers supplying the supermarkets 
say that they are not breaking even.
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9.7 Hydroponic Systems
9.7.1 Drip System
Most common of  all hydroponic systems. 
Nutrient reservoir is kept separate from 
pants. Pump and network of  tubes connects 
to plants individually and over flow drain 
connects excess nutrient solution back into 
the reservoir.98 
98.  The Hydroponics Grower, “Types of 
Hydroponics Systems: A Complete Guide,” accessed 
September 21, 2016, http://hydroponicsgrower.
org/introduction-to-different-types-of-hydroponics-
systems/
9.7.2 Nutrient Film Technique
NFT is used in commercial systems. Unlike 
other systems it does not require a timer. 
Water is directed to the growing tray and is 
drawn back to nutrient reservoir. Slope of  
the tray needs to be sufficient enough to 
ensure water reaches the bottom. 99 
99.  Ibid.
Figure 121.  Drip System Figure 122.  NFT system
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9.7.3 Aeroponics System
Plants are suspended in the air, with the 
roots hanging down. Nutrient solution 
is pumped up a tube and a second pump 
sprays the solution as a fine mist on the 
dangling roots.100 
100.  Ibid.
9.7.4 Aquaponics
Perhaps the most sophisticated system of  
all. This system combines fish farming with 
vegetation farming. Fishing living in nutrient 
reservoir. Microbes are added to chemically 
change the make up of  the  solution. It is 
then filtered through plant growing medium 
returning the solution back to fish tanks.101
101.  Ibid. 
Figure 123.  Aeroponics system
Figure 124. Aquaponic system
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9.8 Dietary Requirements
Need 3 serving of  vegetables and at a 
minimum 2 servings of  fruits a day. 
“This is the very minimum required for 
good health.” Servings is about handful and 
everyone uses their hands to measure as 
serving sizes. A serving for an adult will be 
different than a serving for a child. Eating 
5+A Day reduce the risk of  major chronic 
diseases and eating up to 5 servings daily 
gives a greater health benefit. 102 
102.  Vegetables.co.nz, “Vegetable Benefits for Your 
Body,” last modified 2016, accessed on June 26, 
2016, http://www.vegetables.co.nz/health/vegeta-
ble-benefits/
The information prepared by New Zealand 
Institute of  Plants and Food Research, 
2012 divides the food intakes to cater to 
seven areas for human health. The nutrients 
available in vegetables and fruits are tied 
to these seven categories. Categorization is 
done in accordance with standards that are 
acceptable in New Zealand/ Australia and/ 
or are approved by European Food Safety 
Authority. 
Recommend Dietary Intake (RDI) for 
all relevant areas have been noted. New 
Zealand Composition Database values have 
been used. 103
103.  Ibid. 
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9.8.1 Brain
Many nutrients that can be sourced in 
vegetables are important for brain function. 
Some of  these nutrients include Folate, 
Niacin, Thiamin, Vitamin B6, Vitamin C and 
Iron. 
Minimum RDI of  >10% of  three of  these 
nutrients is required  which can be found in 
. Vegetable included are Brussels Sprouts, 
Swedes, Peas, Red Capsicum, Sweet Corm, 
Globe Artichoke, Broccoli, Kumara, Radish, 
Silverbeet, Spinach, Snow Peas.104 
104.  Ibid. 
9.8.2 Healthy Sight
The most important vitamins for betterment 
of  sights is Vitamin A, which is not 
commonly found in vegetables. However 
vegetables do include selected carotenoids 
like beta-carotene which can be converted 
by vitamin A by our bodies. 
Minimum RDI of  >25% is required which 
can be found in Butternut pumpkin, Carrots, 
Pumpkin, Orange Kumara, Buttercup 
squash, Watercress, Spinach, Kale, Puha, 
Rocket, Chinese cabbage, Silverbeet. 105
105.  Ibid. 
9.8.3 Sustained energy/ Source of fiber
Vitamins and minerals like Pantothenic 
acid, Thiamin, Riboflavin, Niacin, Vitamin 
B6 and Vitamin C. Minimum RDI includes 
significate intake of  vetables high in 
vitamins and minerals and be a source of  
fiber.
Vegetable include Parsnips, Kumara, Peas, 
Globe artichoke, Sweet corn, Carrots, 
Eggplants and Yams.106
106.  Ibid. 
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9.8.4 Immunity
Immune system is arguably the most 
important as it protects body against 
infections and diseases. Vitamin A, Vitamin 
C along with Copper, Iron selenium, Zinc, 
Folate and Vitamin B6 are need.
 
Minimum RDI of  >10% of  Vitamin A 
and a minimum of  >10% is needed to 
quality for category. These can be found in 
Watercress, Silver beet, Spinach, Rocket, Red 
capsicum, Broccoli, Tomatoes107
107.  Ibid. 
9.8.5 Healthy Insides
Fiber is an important source for digestive 
health as it contributes towards regular 
laxation. Vegetables with water content 90% 
or higher are suited to comply with this 
category.
Vegetables include spinach, Puha, Chicory 
leaves, Cabbage, Kohlrabi, Brussels 
sprouts, Broccoli, Butter beans, Silver beet, 
Watercress, Florence fennel, Turnips and 
Carrots.108
108.  Ibid. 
9.8.6 Vital Hydration
Produce with potassium content of  280mg 
to 100g is recommended along with 
moisture content of  90% or higher. 
Vegetables Include: Courgettes, cauliflower, 
celery, carrots, different varieties of  lettuce, 
leeks, Endive, Florence fennel.109
109.  Ibid. 
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9.8.7 Healthy Bones and Joints
Daily intake of  calcium and vitamin D 
enriched produce is important for bones. 
Some evidence suggest that Vitamin C 
and Vitamin K also contributes to normal 
structure of  cartilage and normal bone 
structure. Good sources of  vitamin C up 
to 10-25 RDI and 25 RDI of  vitamin K is 
recommended to comply with this category.
Vegetables includes are Kale, Spinach,  
Brussels sprouts, broccoli, spring onions, 
lettuce, asparagus, cabbage and Leeks.110
110.  Ibid. 
9.8.8 Healthy Skin
Vitamin A, Vitamin C, Zinc, Biotin and 
Riboflavin contributes to healthy skin. These 
nutrients are necessary for normal skin 
membrane structure and function as well as 
wound healing.
A minimum of  two of  these vitamins 
is necessary to maintain healthy skin. 
Recommended RDI is 10%.
Recommended Veges include Broccoli, 
Capsicums, Peas, Pumpkin, Spinach. 111
111.  Ibid. 
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